Postconditioning with levosimendan reduces the infarct size involving the PI3K pathway and KATP-channel activation but is independent of PDE-III inhibition.
Reperfusion injury is strongly involved in the loss of functional heart tissue in patients after acute myocardial infarction. Various signal transduction pathways to reduce infarct size during reperfusion have been characterized. However, so far in the clinical setting no standard therapies are applied due to the lack of suitable drugs. Levosimendan, a calcium sensitizer, has been shown to improve survival in cardiogenic shock after infarction. Focus of the present study was to address the question, whether a bolus application of levosimendan prior to reperfusion is able to reduce the infarct size. A well-characterized model, the in vivo rat model, was used and levosimendan applied 5 min prior to reperfusion after 30-min occlusion of the left coronary artery followed by a 30-min reperfusion period. This pharmacological postconditioning was compared to the ischemic postconditioning with three times occlusion/reperfusion periods of 30 s each. To further address the question if in this in vivo model the phosphatidylinositol 3-kinase (PI3K) pathway may be involved, the PDE-III inhibiting property of levosimendan was compared to the PDE-III inhibitor enoximone. Ischemic postconditioning significantly reduced the infarct size from 48 +/- 2 to 32 +/- 1% of the area at risk (P < 0.05). Similarly, levosimendan decreased infarct size down to 29 +/- 3%. The combination of ischemic postconditioning and pharmacological postconditioning using levosimendan did not result in a further reduction of the infarct size. Both, the mitochondrial KATP-channel blocker 5-hydroxydecanoate (5-HD) and the PI3K inhibitor wortmannin abolished the protection afforded by levosimendan completely, while the inhibitors alone did not influence the infarct size in control hearts. Pharmacological postconditioning with enoximone did not result in any infarct size reduction. Postconditioning with levosimendan significantly increased the phosphorylation of protein kinase B (Akt) and glycogen synthase kinase-3beta (GSK-3beta) at 5 min of reperfusion, an effect which could be blocked completely by the additional administration of wortmannin. In conclusion, levosimendan applied prior to reperfusion in acute myocardial infarction significantly reduces the infarct size in an in vivo rat model. This protection involves the PI3K pathway and the activation of mitochondrial KATP-channels, but is independent of PDE-III inhibition. This finding may open new possibilities for the treatment of patients with acute myocardial infarction using levosimendan, which is an already established therapy in cardiogenic shock. Whether the reduction of mortality in cardiogenic shock by levosimendan may in part be based on this postconditioning effect remains to be elucidated in clinical setting.